Scientific Journal of Riga Technical University
Transport and Engineering. Intelligent Transpot&sns

2010
Volume 34

Computation Model of Spatial M ovement
of the Car

Anatoly KobtsevRiga Technical University

Abstract. For therecord of equalizations of motion inertial and
constrained frames are used. Transition matrices and kinematics
relations ar e set between the different frames of reference. Asthe
generalized coordinates of cushion (spring up) body three linear
moving of centre of gravity and three corner of turnin relation to
the constrained coordinate axes is used. Position of noncushion (
spring down) the masses described the vertical moving. I ndignant
motion is caused by the irregularity (unevenness) of road.
Nonlinear resilient and dissipative forces in a saspension and
tires are determined depending on their deformations. The
design of casual indignations is conducted on the set spectral
closeness. Motion of car on rough roads is accompanied the
continuous vibrations of his construction.

Keywords: car, model, movement, over spring part, suspension,
tire, energy dissipation

|l. INTRODUCTION

At dynamic calculations the basic interest represen
behavior over spring (cushioning) mass. For recoffdhe
equations of movement three systems of coordirsatessed.

The inertial system of coordinates OXYi& intended for
record of the equations of movement of the cenftenass C
overspring weights. The beginning of this systef@ till the
momentt, the first beginning of influence of disturbance i
combined with the center of weigh@of overspring parts.
Further points O and C are separated. The syste@XYZ
continues progress with speel(ty). Axis OX is directed
horizontally along a longitudinal axis back; theisaxQY is
perpendiculatOX and also is directed on a vertical upwards;
the axisOZis perpendicular a longitudinal plane [1].

The connected central axes of coordinate%;{ are
intended for record of the equations of rotary emoent.

Movement of the car on rough roads is accompanied B\xes settle down along the main central axes bfdy. At

continuous fluctuations of its design which rendarmful
influence on the driver, passengers,
conditions of units and aggregates.
additional dynamic loadings, accelerate the chaofea

worsen operati
Fluctuationsater

rotary movement they change the orientation in si§fig.1).

The forward moving axeX,YyZ, are entered for
indication of corners of turn of the conmetbxesCéyl.

resource. Their intensity defines smoothness afusse of the Their beginning also is combined with the centewefghtsC,
car. Improvement of smoothness of a course is sehdly and directions coincide with directions of corresging axes
giving of a design of the car of such propertieschiprovide of inertial system of coordinates. However, axeX;Y,Zo
optimum dampferation and reduction in intensity ofnertial are not.

fluctuations. First of all this rational designin§a suspension

bracket and selection of tires.

Il. THE GENERALIZED MODEL AND THE EQUATIONS OF
MOVEMENT OF THE CAR SYSTEMS OF COORDINATES AND
MATRIXES OF THEIR TRANSFORMATIONS

At studying the phenomena and processes in theeyahe
decision of applied tasks in the most differentaaref a
science and technical equipmentathematical model®f
studied object are widely used. They allow to inigede
analytically dynamic system, to determine its ojpitim
parameters, to predict development of process.

Current position of a system of the connected &B3@&g
turning together with a body can be determined lBams of
three cornersyovy of turn it relatively forward moving axes
CXoYoZo. Prior to the beginning of action of disturbance
forward moving axesCX,YyZo and the connected axeG&n{
are combined.

The first turn of a body together with the conndcsxes
Cén¢ occurs on a corner of roving with angular speed
1j around of an axi€Y,. The connected axes thus occupy
intermediate positio¢; 7o {1 with single vectors, jo, ki

mathematical modeling assumes use of modern mefnsVECtOrsio, jo, ko to axesC<y o ¢y looks like

calculations with their developed software.

At creation of dynamic model the car is consideredhe
form of the oscillatory system consisting of ceartdirm
bodies, connected by elastic elements and dampécede
Disturbance of fluctuations occurs from variousirses:
roughness’s of road, vibrations and not balancedethgine

and units of transmission. But with concept of sthaess of a

ThusMatrix of transition from axesC& 7o (o with single
cosy 0 —siny
A= 0 1 0 1)

siny 0 cosy

Similarly to be the second turn on a corner of agatig v

course the fluctuations caused by influence of roaaround of an axi€(; with angular speeds - k, and the third

communicate only.
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turn on a corner of cross-section rockingith angular speed of three vectors corresponding angular speeds wingp
7 -f2 around of an axisC#,. galloping and reeling
|
Yo =Mo — LT .o .-
a):l//-jo+u-k1+7/-|2 (4)

Let's spread out each of vectors-component of ssje
(4) in directions of coordinate ax€gyyo (o

9-kq =dsiny -ig+0- g+ dcosy - kg

y-ip =y cosY-cosy -ig+ysing- jg -

. . (5)

—ycosd-siny - kg

zp={p
On the other hand, the vector of angular speed¢an be

expressed through projections to coordinate ax&%no (o

Considering (5), we receive

Fig.1.Axes of coordinates 0o =0 I+ ] +o k=
0 &0 0 70 0 ¢0 O
cosd sing 0 = (9 siny + y cosd - cosw)fo + (y) +7sin 9)]0 + (6)
=|-sing cosd 0 . _

P2 sine <o + (3 COSy — y COS9 - siny/)k .

0 0o 1 0

Projections of a vector of angular speed to theneoted

1 0 0 axes of coordinatesCény{ calculate as matrix production

A3 =|0 coy siny {W}:[A]'{”’o}' or

0 -siny cosy . sing 4,
wsing + y

. o . e DEQ
The full matrix of transition of coordinates of esxC¢, 7, o b [A] o
{ to axesCénl looks like ni{- n0

A=A A A e

=4y cosg - cosy + dsiny 6

or D0 9cosy —yr cosd - siny

The kinematic parities defining projections of alagspeed

cos} cosy; ; sing; -siny; cos%; w; w, w; on connected axes of coordina®@$;{ through
siny; siny; — cog, cod ; siny cog, + corners y, galloping », cross-section rocking and their
A=A A A =| <oy coy;sing ; +siny, sing co; derivatives are as a result received
€O, Siny; + -sirny, cos3 ; C0%, COsy, —
+siny, cogy; sing ; -siny; sind siny; Wz = ysing+y
. By means of a matrix4] coordinates of any vect@ set @, = y cosd - cosy + gsiny 8
in system of axesC&yo {, , can be calculated for system (8)
Cén on a correlation oy = gcosy — iy cosg - siny.
al-[alk 3
{a }_[A] {ao} Kinematic parities (8) in the further be requiredtie form

of, resolved relatively, 7,y
Let's express by means of (2) and (3) vector ofukang
speed of a bodw in the connected system of coordinates
C&n¢ . According to transformation, this vec@r is the sum
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9 = w, siny +w- cosy deo
n ¢ ¢ ( _ )w _
YT TV I = Meg
1
v o= (a) cosy — w sin;/) d
cos$d 7 g ©) J ﬁ+(.] -J )w o =M
T g4 S (S Cn . (12)
y = on —th(a)ﬂ cosy — o, sing/)
do
J o +(J -J )w o =M
Correlations (8), (9) it is possible to receive from ¢ dt /B P A '

geometrical reasons. For this purpose it is necgsdaach of
three described turns to make designing vectorangfular
speeds on a three of intermediate axes of coosfinaceived
at turn.

Ill. THE EQUATIONS OF MOVEMENT OF THE CAR

At recording of the equations of movement overrgpand
not over spring masses are separated from itdelaistereze
connections which action is replaced with systenmpodver
factors. The equations of forward movement of thater of
weightsC are writing down in projections to inertial axefs
coordinate9XYZ and look like:

_for over spring mass

where

Js, 3, ,J- - the main central moments of inertia;

ws, w,, o - projections of a vector of angular spé&ato
the connected axes;

M ¢, Mg, , Mg - projections to the connected axes of a
vector of the main momegt v 7.m j+m k Of the

c c& cn cs

forces, acting on overspring malgk relatively her center of
weights.

The equations of movement not overspring masses are

writing down in projections to inertial ax8XYZ.Thus rotary
components of movement and movement along &xs0Z
are not considered

MX =XR
© pp__pl _pl__pl . .p
MY, = XRy (10) yime =R +Fam —Fpn k1
, o PP P-Pr- P-PI. p pr. .
MZc = X Ry yame =F Fam —Fp —ky2
_for not over spring masses yémi = Frz.l + |: zl. - ky3
.z Z z.pr. z pr z pr ,
.. el am pn yamy = R +Fy - ky4
mY =FK +F -FKF (11)
at Y, > Y, where ¢! F PP g2 £ 2P forces  wringing out of
front and back springs;
where R = RXF+Ry]+RZ|Z - the main vector of all forces ,:ap' FRPr F;r;ll-,,:;rhpf-_ forces wringing out of front and
acting on overspring weight; back amortizators, shock absorbers;
R, R, B, F" - forces of elasticity of springs, Fon' EPd pzPr ezl ghrces wringing out of front and

compression of amortization, compression of tirdsy

friction of dempers, actingn i-th not overspring weights,

(i=1, 2 ... nn -number of wheel)s

The equations of rotary movement for overspringsnase
writing down in projections to the connected axek
coordinatesC¢n¢ and look like

70

pn -
back tires.
The burries of road cause wringing out of tires,iclthare
determined dy expressions:
deformations of the springs

pn - Fpn

p p
A=Y= Y3, Ar1 = Ya1— Y1,
| z z
A=Yy~ Y3, A4:yt)2_y4_

velocity of pression of the amortizators

|.p . .p A Pr.-p . - p
Al =V -1, A=Y= Ya
dz .prz . .z
A3 = Y1 - y3, Ay =Yp2Ya-
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Forces of pression of the springs and tires arerohéted recorded as a degree function. However, such appation
with taking into account their hysteresis propetti€impler unsufficiently completely reflects possible vergonof
than all hysteresis can be described by means ldjgpa’s  scattering of energy in designs, in particular,<doetdescribe
loops. Equations of skeletal line of loop can bg gsing the the laws of scattering at a polygonal hysteresis. this

amplitudel law of dispersion of energy. connection for A(x) suggest more general format of
Loops describe with expressions representation, in which is supposed availabilftiwm sites:
C'A + Tsign (A), At 0<x<a, A(X) = 0;
F(a,A) = at x> a, A(X) = bX-a) + k (x-a)", (15)

C"A +Tsign (A)-A,(C"-C")
where b, k, n- factors dependent on a type of a design and

_ _ _ _ its operating time ; and - the value of generalized
Are obtain a differential equation movement, after which reaching begins scatterireggn

df ~  f dA 13 The solution of an equation (11) for the first gtagves that
& - ; ) ax dx. 13) ¢ =, X, at 0 < x < a. Thus initial site of a skeletal line is a
section direct, i.e. linear elastic characterisfit.the second

This ratio installs connection between an equaty stage the equation (11) after a substitution iof iexpression
skeletal curvef(x) and relation dispersed for a cycle of dA/dx gains a kind:
loading of energy from amplitude of a cych(x). Knowing
relation A(x) and initial rigidity of a system, it is possible df _ f-b/4 _”_k(x_ a)n—2 (x>a). (16)
by taking advantage ratio (13), to receive anatiqn f(x) d(x-a) x-a 4 ' -
to generate outlines of a closed loop of a hysieres
Let's define a decrement of oscillatiofisas the relation of The solution of this differential equation is thelléwing
energy dispersed for a cycle of loading, to thebdloenergy expression
of elastic deformation W, and we shall accept, that

W= fx/2 b nk n—1
f=—+cg(x-2a)- (x=a)" 7, a7
4 4(n-2)
A A
Then 6 = — = —, A=0Ffx (14)
2W fx circumscribing a skeletal curve at the second st@gastants
of an integratiorcyg, ¢; on a sense are stiffness factors in the
We differentiate (14)on x: beginning each from sites. Various combinationgacforsa,
b, kin relationA(x) reduce to a realization of closed loops of a
dA , , hysteresis of the various form.
& = 0" I X+ 17X6 + 1o (15) In case, whena#0, b#0, kO closed loops have till two

curvilinear and straight-line inclined sites.a0, the inclined
Substituting expression  (15)n (13), we obtain a lateral sites become vertical. At=0, k=0, but b#0 closed

differential equation: loops are transformed in bilinear with vertical elatl
segments, iB£0, bt 0, but k= 0 - in bilinear with inclined

f' 4-6'x-6 sites. At last ab=b, =0 but k0 outlines of a closed loop are
T = m curvilinear. If thus of zero rigidity of a desigem, ¢ in

different directions of initial loading are varigusr example,
because of availability of a crack, the closed |dmzomes
asymmetrical, gaining the shape of a banana. leduih
expression (15) amplitude laws of scattering of rgype
parametersa, b, k, nvary in accordance with accumulation
with a design in maintenance of not desroying dasadhe
being available experimental data allow approxifhyate set
ranges of change of these parameters from a monbfeat
beginning of maintenance of a design change the daw
scattering of energy. It varies results in chanfpavameters
and before failure.In initial stage the design veorés a
’monolith, it the rigidity is maximum, scattering efiergy it is
not enough, closed loop of a hysteresis vary narrbw

the dOUb.Ie scale. In activities [2'.3] IS underlllnthht for many accordance with a wear of fixed connections reductigities
hysteresis systems the amplitude relatidix) may be

Equation of a skeletal line and formation of arlina of a
closed loop of a hysteresis. The offered above ponethod
of identification of a line of initial loading togiger with a
Masing principle is convenient for a constructiohclosed
loops of a mechanical hysteresis. Amplitude refatiof
scattering of energf(x) and initial rigidity ¢ are determined
from static and dynamic tests. The integration rofeguation
(13) with allowance for of relatiomA(x), obtained from
experiment, determines an equatiffr) of a line jf initial
deformation. The outlines of alosed loop of a hysteresis
according to a Masing principle, are map of a gkéline in
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of components and joints happens, transformatioclased order. Reduction of the equations of movement with
loops of ahysteresis. It can call strong influence on dynamisimultaneous increase in their order is possibleor this
loading of a design. purpose we differentiate ratio (8). We shall reeeiv
For definition of angular coordinatésy,y of a body it is

possible to use kinematic ratio (9). As a resultamp

movement is described by six differential equatiohthe first

dw, . . .
—= =/ Sinv + v Cosy;

dt
d—t7:1//COSU-COS;/—(//USIHU-COS;/—(//;/COSU-Sln;/+US|n;/+U;/C087/; (16)
g = Ueosy ~o7siny —yj cosu-siny +yosiny —yy cosv- cosy.

The system (12) will be transformed to system efdfiferential equations of the second order
J§¢-3|nu+J§y;-o-cow+J§7+(Jg ~ 3, Ji7-cosv-cosy + siny Yo cosy —y - cosv-siny ) = Mg
Jn(x/?-cowcos;/—n//-o-sinucos;/—x//ycosgsiny+ 9siny—9y'cos;/+(J§ —Jgk//-cos:)-coswo-cow—

osiny'g//'cow'siny—gf/zcoszu-siny'cos;/+02 -siny - cosy) = MC,],

Iy (y - cosy — 9y siny — dcosdsiny + yy cosgcosy) + (‘]77 - ij.

2

(D-l/}-COSU-COSZ;/+Sin;/-COS;/(02 -y -0032 u))z Mcg’

After re-grouping receive

2_ 1/'/2 cod u)sin2 1%

2

Jé(l/'}sinu+ji)+¢/200050[\]§ +(J§ -3 )0052;/}+ © (J,=J0) = MC

§l
J,, (- cosv - cosy + U-Ssin +(J -J_-J )—i—[)-Sil’]U-COS +(J -J_-J )o-cos —y -cosv-siny Jy —
nW 4 7) e 37 7+ 3,79, ( y =y vy

J,.-J
& § .2
T W ~S|n;/_MC,7,

J{;(g-cos;/—(ﬁcosg-siny)+(J77 +J§ —J‘f)-«/)gsing-sin7/+(\]77 +J§ —Jf)(oy-sinyﬂ/)}?-COSU-COS}/)+

J -J
n &1.2

+ > 7 -sinZS:Mcf.

(17)

where hi(t) - height of protuberance of roughnesses of the
IV. DEFINITION OF FORCES road, being stochastic function;

External disturbance from roughnesses of road is @i ¢i- circular frequency and phase shift. Thus indigmat
transferred the car through tires which compressisn With constant frequency is modelled.

determined by expressions . .
y exp Generally casual disturbance generates on spetgradity

nn nn _ of height of protuberance of roughnesses of thmee road.
AY =Y +hy sm(a)it 4 ), (18) The method of Monte-Carlo is used. Stochastic tionc
height of protuberance of roughnesses calculateimdier the

formula
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N .
h(O)= 2 JUR+VE-sin(en+&n),  (19)
n=
where CONCLUSION
A e e -amplitude, frequency and a phase ofth In work is offered the model of the car with takifmgy
harmonic; account nonlinear and dissipative properties sfispension
Uy , 7 - normally distributed numbers with a zero averag@racket. The model can be used on a design stageeafar
and an individual dispersion; for optimization and estimations of a technicalalifies.

N - number of harmonics of casual process.
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A =Yyo—¥,at y>Yy;. (20)

Anatolijs Kobcevs. Telpiskas automobila kustibas apr ekina modelis

Kustibas vieadojumu pierak3Sanai tiek lietotas inerciatis un saistas koordiraSu sistmas. Tiek uzatitas frejas un kinerfitisko attiegbu starp daddam
atskaites sistmam matricas.

Ka atsperat kermeja vispréjas koordirites tiek izmantotas 18 smaguma centra lil@s parvietoSams un tis pagrieziena f&i attieaba pret saigtam
koordiratu asm. PFarejas no inercicilas koordiritu sisEmas uz ar automobili saiti sisEmu matrica tiek noteikta ak triju starpmatricu vektodiais
atvasiijums. Katra noam atbilst pagriezienam pa vienu no kooatinlenkiem. Pirmais automola pagrieziens kapar saistam koordiritu adm notiek pa
parvietoSams lepki. Otrais pagrieziens notiek pakiSanas lgki un treSais — paupoSans lepki. Neatsperoto masuasokli apraksta vertifda parvietoSanas.
Perturlgto kustbu izraisa ck netdzenumi. Nejauso pertuatiju modet3Sana tiek veikta ¢ dot spektéla blivuma. Nelinarie elasigie un disapvie sgki
automobia piekag un rief@s tiek noteikti atkaba no to deformacijas. Cikliska speka atkatbu no & radods kusibas apraksta histzes cilpa. Cilpas forma var
but poligorala vai liklinijas. Histeézes cilpu kontras tiek forngtas [Ec Mazinga principa un ar skelitijas skumslodzes vieidojuma paldzibu. Automobja
kustbu pa ndadzeniem ckem pavada nejptrauktas 3 konstrukcijas sirstibas. Tas atsf nelab\ligu iespaidu uz vathju, pasaZieriem un pasliktina darba
apstklus. Svrstibas rada papildus dinamiiskslodzes, samazina resursa kalpoSanas laiku.t@esiite nosaka automadhi idzenu gaitu. Lai uzlabotu gaitas
lidzenumu, automola konstrukcijai ir bat tadam ipagbam, kuras nodroSina optiitu svarstibu shpéSanu un sirstibu intensiites samaziasanu. Galvenditt

ta ir raciorala piekares projekSana un riepu izle.

Amnartouuii Kooues. PacuérHasi Moje/ib NPOCTPAHCTBEHHOI'0 ABUKEHUSI AaBTOMOO IS

JU1st 3amucy ypaBHEHMH JBIDKEHHS HCIIONB3YIOTCS MHEpIHAIbHbIC M CBSI3aHHBIC CHCTEMbI KOOpPAMHAT. YCTAHOBJICHBI MATPHIBI Mepexofa M KMHEeMaTHUeCKUe
COOTHOIICHUSI MEXIY pPa3IMYHbIMH CHCTEeMaMu OTcu4€Ta. B kauecTBe OOOOLICHHBIX KOOPIMHAT IOJPECCOPEHHOTO TENa MCIONB3YIOTCS TPH JIMHEHHBIX
MepeMEICHNs] LEHTPa TAXKECTH M TPU yrila MOBOPOTa OTHOCHUTEIBHO CBS3aHHBIX KOOPAMHATHBIX oceil. MaTpuua nepexofa OT HWHEPLUUAIbHOW CHCTEMbI
KOOPJHMHAT K CBSI3aHHOI C aBTOMOOMIJIEM CHCTEME ONpENeNseTCsl KaK BEKTOPHOE MPOU3BEICHNE TPEX MPOMEKYTOUHBIX MaTpHLl. Kakaas u3 HUX COOTBETCTBYET
MOBOPOTY Ha OAWH KOOPAMHATHBIN yroi. IlepBblii MOBOPOT aBTOMOOWJIS BMECTE CO CBS3aHHBIMH KOOPIMHATHBIMH OCSIMU TPOMCXOJAUT HA YrOJI PHICKAHbS.
Bropoii moBopoT coBepiiaeTcs Ha Yrosl rajJONMPOBaHUS W TPETUH — Ha yros nokayuBaHus. IlosoxeHHE HENOAPECCOPEHHBIX MacC OIMCBIBAIOTCS
BEPTUKAJIBHBIMH TEpeMelIeHUsAMH. Bo3MmylneHHoe ABMYKEHHE BBI3BIBAIOT HEPOBHOCTH IOpPOTH. MozenupoBaHuE CIydailHBIX BO3MYIIEHHUH MPOBOJUTCSA IO
3aJ[aBaeMOM CIIEKTPaJIbHOM INIOTHOCTH. HelnHelHbIe ypyrie U TUCCUMIAaTUBHBIC CHIIBI B MTOJBECKE U [MIMHAX ONPEACISAIOTCS B 3aBUCUMOCTH OT UX Je(opMariuii.
[ukinyueckas 3aBUCUMOCTb CHMJIbI OT BBI3BIBAEMOro €W NEpeMElIeHUs] MMEET BUJA NMEeTIM ructepesuca. Ilemm Moryt ObITh HOJMTOHAJIBHBIMU WM HMETh
KpHBOJIMHEIHBIE o4yepTaHus. KOHTyphl merenb rucrepesnca (HOpMHUPYIOTCS C HOMOLIbIO MpHUHIMNA MasuHra M YpaBHEHHS CKEJICTHOW JIMHUM HAa4aJbHOTO
HarpyKeHusi. J[Bu>keHHne aBTOMOOWJISI O HEPOBHBIM JOPOTaM COIPOBOXKAACTCS HEMPEPHIBHBIMU KOJIEOAHUSIMH €ro KOHCTPYKIMH. OHU OKa3bIBAalOT BPEAHOE
BO3JCICTBHE HAa BOAWTENS, MACCAKHMPOB, YXYIIIAIOT yCJIOBHsS paboThl. KojebaHus cO3MAIOT JOMOJHUTENbHBIC AWHAMHUYCCKUE HArpy3KH, YCKOPSIOT PacXon
pecypca. IX ”HTEHCUBHOCTD ONPEAECNSCT IUIABHOCTh X0/1a aBTOMOOWIISA. YIIyqIIeHHEe TNIABHOCTH X0/a JOCTUTACTCS MPUAAHUEM KOHCTPYKIIMH aBTOMOOMIIS TAKUX
CBOWCTB, KOTOpBIE OOECIICUMBAIOT ONTHUMAJbHOC IEMI(PUPOBAHME W CHIKCHHE WHTCHCUBHOCTH KoieOaHMi. B mepBoro odepenp, 3TO palMOHAIbHOE
MIPOEKTUPOBAHUE MOJBECKHU U 1O00P LIMH.
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